Abstract:
INTRODUCTION
In the past three decades, there has been an increasing prevalence of obesity and its co-morbidities in many countries around the world [1] . Since the turn of the 21 st century, Saudi Arabia has witnessed marked socio-economic developments in health, education, environment, urban migration, and lifestyle. These developments have led to a decrease in communicable diseases, but an increase in chronic diseases of lifestyle, such as obesity, diabetes, hypertension and other risk factors of cardiovascular disease (CVD) [1] . For instance, the prevalence of overweight and obesity among Saudi female population has been reported as 28% and 24%, respectively thus indicating a major health concern [2] .
Other studies on Saudi women [3 -5] have reported increasing trend in the prevalence of non-communicable diseases. A number of studies have also reported the prevalence of metabolic syndrome in many countries in the Middle East [6] , specifically in Oman [7] and Gaza, Palestine [8] . In addition to other factors which predispose adolescent girls and women to obesity and CVD risk, high body mass index (BMI) and waist circumference have also been implicated in the prognosis of chronic diseases of lifestyle (CDL).
In view of the health implications of such anthropometric indicators, it is important to periodically evaluate the tendency for young women to become overweight, obese as well as develop CVD and metabolic disease risk. This approach will provide information needed to design exercise and lifestyle modification programs for the youth. It will also strengthen health promotion initiatives targeted at improving the quality of life of those at risk. Based on this need, a health screening for CVD and metabolic disease risk factors was undertaken among students of Prince Sultan University (PSU) College for Women, Riyadh, Saudi Arabia. Therefore, the purpose of the health screening program was to provide information on the students' health status in order to increase their awareness of the importance of preventing high CDL risk profile and promoting health enhancing behaviours.
MATERIALS AND METHODOLOGY

Study Design
In this study, a descriptive survey involving a cross-sectional design was used.
Population and Sample
The study population comprised the students of PSU Campus for Women, Riyadh, Saudi Arabia who attended a health screening program. Specifically, the study sample consisted of apparently healthy 223 (91%) students (aged 17-25 years) who volunteered to participate in the study. They were recruited during the university's annual health screening program. From the initial total sample of 245 (100%) students measured, 22 (9%) participants had incomplete data. Consequently, their data were excluded from the analysis. Therefore, the data of 223 students were subsequently analyzed.
Measurements
The following anthropometric and physiological measurements were taken: height, weight, blood pressure, fasting blood glucose, visceral fat and muscle fat. Height, weight and girth (waist and hip) were measured according to the protocol of the International Society for the Advancement of Kinanthropmetry (ISAK) [9] . Height was measured to the nearest 0.1 cm in bare feet with participants standing upright against a mounted stadiometer. A digital weighing scale calibrated regularly to the nearest 0.1 kg was used to measure body weight with participants lightly dressed using a portable digital weighing scale [(Omron body composition monitor (Model no. BF508)]. Body mass index (BMI) were later derived from the value for height and weight using the BMI formula: [weight (kg) / height (m) 2 ]. BMI was used to classify the participants in the following weight categories: underweight (less than 18.5), normal (18.5-24.9), overweight (25-29.9) or obese (30 and above) [10] . Blood pressure was assessed using the German made aneroid Riesterri-vital equipment which is clinically validated [11] . The blood pressure was assessed after participants had rested for 15 minutes in a semi-recumbent position. Duplicate measures were taken with a five-minute rest period between successive measurements. The average of the two measurements was used in the statistical analyses.Blood pressure (BP) (Systolic BP and diastolic BP) were categorized into normal (< 120/80mmHg), pre-hypertension (120-139/80-89mmHg), and hypertension (140mmHg or higher and 90mmHg or higher) [12] . Fasting blood glucose (categorized as below normal: less than 70 mg/dl), (normal: 70-99 mg/dl), (pre-diabetic: 100-125 mg/dl), and (diabetic: 126mg/dl and above) [13] , was measured using the Contour Next digital meter and test strips (manufactured by Ascensia Diabetes Care Holdings AG, New Jersey, USA). These equipment and measurement procedures meet the standards of ISO (International Standards Organisation) 9001 and the Saudi Food and Drug Authority (SFDA).
Ethical Considerations
Permission to conduct this research was obtained from the higher management of Prince Sultan University Campus for women, Riyadh. Before data collection, the participants gave signed informed consent and other relevant regulatory bodies granted ethics approval for the research to be carried out.The study was carried out according to Helsinki Declaration Ethical Rules of 1975 [14] .
Validity and Reliability
The measurements were taken by the author from the Health and Physical Education (HPE) lecturers who were master's degree holders as well as a university physician and a nurse. Before the actual study, a pilot test involving 11 students was conducted to refine test administration procedures and determine the reliability of the measurements. Testretest measurements yielded strong Pearson's correlations for FBG (r=0.98), BP (Systolic: r=0.89; Diastolic: r=0.86) and WC (r=0.95). Therefore, the measurement techniques used to obtain data from the participants produced relatively stable and consistent results.
Data Analysis
Data analyses were carried out using SPSS software version 23.0. Descriptive statistics, such as mean, standard deviation, and percentages were used to examine the prevalence of cardiovascular risk factors among the participants. One-way analysis of variance (ANOVA) was used to test for any substantial differences in the participants' dependent measures according BMI categories and risk factor profiles. In order to determine the relationship between the participants' BMI and their blood sugar, blood pressure, age, and waist circumference, Pearson's correlation analysis was performed. The correlations were interpreted using the categorization of Dancey and Reidy [15] , where r-value of ± 1 is interpreted as a perfect correlation, r-values between ± 0.7 to ± 0.9 are interpreted as strong correlations, r-values in the range ± 0.4 to ± 0.6 are categorized as moderate correlations, r-values between ± 0.1 to ± 0.3 are weak correlations and an r-value of 0 is zero correlation, implying there is no correlation. Backward multiple regression modeling was used to determine the relative influence of dependent measures (waist circumference, systolic and diastolic BP, and blood sugar) in predicting BMI among the women.For all statistical tests a probability level of 0.05 or less was considered significant.
RESULTS
A total of 223 apparently healthy women were tested for CMD risk factors. Presented in Table 1 are the physical characteristics of the participants. The mean age value of the participants was 19.2±1.05 years. The mean values for body weight and height among the participants were 60.7±12.5 kg and 161±6.13cm, respectively. In general, their BP readings were: SBP (109.6±11.7mmHg) and DBP (69.0±8.62 mmHg). Overall, the participants' mean BMI was 23.4±4.54 kg/m 2 . The mean value for blood glucose was 91.1±8.76 mg/dl. The prevalence of risk factor categories by age are presented in Table 2 . The results of the BMI category by age revealed that, in total, 50 (22.4%), 19 (8.5%), and 25 (11.2%) were overweight, obese, and underweight, respectively. For systolic and diastolic BP measurements, 47 (21.1%) and 21 (9.4%) were pre-hypertensive, respectively, while 3 (1.3%) were systolically hypertensive. The blood glucose readings showed that 30 (13.5%) were pre-diabetic. Provided in Table 3 are data on the women's CMD risk profiles. 3±8.83 0.000 Differences between BMI groups compared using one way ANOVA. BMI = body mass index; SBP = systolic blood pressure; DBP=diastolic blood pressure; cm = centimeter; yr. = year; WC, waist circumference. ⃰ = significant difference at 0.05 level.
When the cardiovascular and metabolic disease risk factors were analyzed according to BMI categories results showed that the obese group had significantly highest CMD risk profiles (BMI: 33.5±3.17 kg/m 2 , fasting glucose: 95.7±9.40 mg/dL, and waist circumference: 95.3±8.83 cm), among the weight categories (p<0.05) (Tables 3 and 4) . provides the correlation matrix of the relationship between BMI and cardiovascular risk factors among the women. The bivariate correlation showing the relationship between BMI and cardiovascular risk factors variables revealed that there was a statistically significant relationship between the women's BMI and the following variables: systolic (r = 0.352, p = 0.001) and diastolic (r = 0.136, p = 0.043) BP, waist circumference (r = 0.791, p = 0.001), and fasting glucose (r = 0.157, p = 0.019). Conversely, non-significant correlation was found between BMI and participants' age (r = 0.023, p = 0.728) ( Table 4 ).
REGRESSION OF BMI AS PREDICTOR VARIABLE
Univariate analysis showed that BMI significantly predicted systolic and diastolic BP, blood sugar, and waist circumference among the Saudi women (β = 0.067; p = 0.000, β = 0.071; p = 0.043, β = 0.082; p = 0.019, and β = 0.360; p = 0.000, respectively). It was also of interest in this study to examine the variable which most significantly predicted BMI using a backward regression model. The results revealed that the regression model including systolic BP and waist circumference was the best predictor of BMI of all possible models, since it had the highest value of adjusted R 2 which represents the amount of variance (65.2%) in BMI predicted by the model ( Table 5 ). Specifically, when waist circumference was held constant, systolic BP was independently associated with increase in BMI. Therefore, every one kilogram per meter squared (kg/m 2 ) change in BMI was independently associated with a significant increase in systolic BP by 0.067 mmHg. However, holding systolic BP constant, the waist circumference was autonomously associated with increase in BMI, meaning that for every one kilogram per meter squared (kg/m 2 ) change in BMI there was a significant increase in waist circumference by 0.360 cm.
DISCUSSION
A major finding of this study was the high prevalence of unfavorable body weight values among the Saudi women in terms of underweight (11.2%), overweight, (22.4%) and obesity (8.5%), which are considered abnormal by international definitions. However, it should be noted that majority (57.8%) of the participants fall within the normal BMI range. Previous research has reported a growing prevalence of obesity among Saudi women [2] , with Al Kadi and Alissa [16] reporting a high prevalence of overweight and obesity (20%). Another important finding of this study is that across all ages, in total, 21.1% of the participants were found to be pre-hypertensive, while 13.5% were pre-diabetic. The high incidence of CMD risk found in this study was observed among the 19 year-old participants. This age category is important for girls in terms of biological changes in growth, development, and maturation.
The BMI mean value of the participants of this study was 23.4±4.55 kg/m 2 . The World Health Organization [17] proposed a BMI between 18.5 kg/m 2 and 24.9 kg/m 2 to be normal for average men and women. Therefore, the BMI of an average participant in this study was within the normal range. The mean value of the students' waist circumference (77.4±9.46 cm) was also within normal limits. Waist circumferences of 88 and 100 centimetres are generally recommended as cut-off points for women and men, respectively [18] , as they are an indication of a strong metabolic disease risk [19] . Whilst it can be argued that some of the participants in this study were adolescents, studies have shown that for children and adolescents from different ethnicities no uniform definition of WC cut-offs exists because of the influence of physiological growth and development [20] . For example in the BIG Study, Schwandt et al. [21] reported that the relatively homogeneous WC mean values in adolescents of the three different ethnicities in the BIG Study were far lower than those obtained for American adolescents, i.e. 79.6±12.5 cm (males) and 78.8±11.7 cm (females) [22] .
Classification of cardiovascular and metabolic disease risk factors according to BMI categories shows that the obese group in the present cohort of women had the highest CMD risk factors. It is well known that higher BMI values, increase predisposition to higher the CMD risk factors such as developing type 2 diabetes and hypertension [23] . Furthermore, the participants' waist circumference according to BMI categories indicated higher values than the cut-off point recommended for women. This finding is worrisome as it has been reported that intra-abdominal fat has deleterious impact on metabolism [23] . Al Kadi and Alissa [16] stated that studies conducted in East Asian countries have regularly emphasized the necessity to decrease BMI and waist circumference cut-off points for assessing the risk of metabolic disorders. Therefore, follow-up evaluations of such participants in the present study including referral to their physicians should be considered. In a recent comprehensive review of non-communicable diseases and their risk factors in Saudi Arabia, Al Quaiz, et al. [4] concluded that Saudi women have experienced a significant trend in obesity which is likely to make them more susceptible to developing CVD and diabetes than their male counterparts. This calls for implementation of regular health screening programs at PSU College for Women as part of its strategic wellness promotion initiative.
This study revealed that systolic BP, diastolic BP, blood glucose, and waist circumference were positively correlated with BMI. This result is consistent with those of Hatemi et al. [24] study which indicated that BMI was positively and significantly associated with systolic and diastolic BP. The results of the present study also showed a positive correlation between the women's BMI and blood glucose. This finding agrees with those of Panagiotakos, et al. [25] which revealed a positive association between BMI and blood pressure, total cholesterol, triglycerides, and glucose levels.
Based on the univariate analysis performed for the independent variables that were significant in the bivariate correlation analysis, it was found that all the variables significantly predicted BMI. However, to determine which of the variables could best predict BMI among the Saudi women, dependent variables were entered into multiple linear (backward) regression analysis. In the regression model, waist circumference, and systolic BP significantly predicted BMI. Similar findings were reported by Clark, et al. [26] who found that BMI and waist circumference examined independently were significant predictors of stroke volume, cardiac output, and systolic blood pressure among their participants. Furthermore, consistent with the literature, these direct associations indicate that heavier individuals are at risk of elevated BP compared to their slimmer counterparts [27] . It has also been reported that waist circumference and BMI can be used in monitoring the development of obesity in young adults [27] . Midha, et al. [28] also confirmed that BMI and waist circumference can be used to screen individuals at great risk of high BP so as to increase their health awareness and recommend appropriate diagnostic assessment.
LIMITATIONS AND STRENGTHS OF THE STUDY
The findings of this study should be interpreted in the light of the following constraints: First, only a few students participated in the 2015 health screening program relative to the entire population of the university students. Therefore, the results do not reflect the status of CMD profile of the entire population of PSU students; thus limiting the generalizability of the findings. Second, it was not feasible to measure the students' smoking, alcohol consumption, diet and physical activity habits. Probably, such information would have clarified some of the present results. Third, it was not feasible to analyze the data based on the students' age groups in view of the relatively small sample. This analysis would have permitted further data interpretation based on age-related trend and the participants' occupational roles. However, the strength of the study lies in the fact that it has provided baseline information on the CMD risk profile of PSU students who have hardly been previously studied. Also, information presented on the women's risk profiles opens a window of opportunity for periodic health assessments of the university community which could potentially promote healthy lifestyles among the students.
CONCLUSION
Although many of the students in the health screening exercise had healthy metabolic disease risk profiles, a few presented with excessively high levels which require follow-up clinical investigations.
RECOMMENDATIONS
There is a dire need to encourage students to participate in the health screening program in view of its importance to personal wellbeing. Health outcomes of such screening exercise could be compared from year to year for effective monitoring and diagnostic interventions. Healthy profiles among students can be promoted through a combination of interventions targeted at nutrition, physical activity and overall wellness lifestyle. Implementation of regular health awareness programs among students is therefore necessary in order to achieve this goal.
